Searching PAJ " Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 2002-234702 
(43)Date of publication of application : 23.08.2002 

(21) Application number : 2001-031306 (71)Applicant : TOYOTA CENTRAL RES & DEV 

LAB INC 

(22) Date of filing : 07.02.2001 (72)lnventor : SASAKI SHIGERU 

SUZUKI KENICHIRO 
KOJIMAYOSHITSUGU 
FUKUMOTO KAZUHIRO 
KAWAI YASUAKI 
YAMAMOTO TOSHIO 
HAYASHI HIROAKI 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an apparatus for generating hydrogen, 
by which the generating amount and generating rate of hydrogen can be enhanced even 
when no catalyst is used. 

SOLUTION: The method for generating hydrogen comprises hydrolyzing a metal hydride 
complex, and the hydrolysis of the metal hydride complex is carried out by irradiating the 
metal hydride complex with ultrasonic wave having a frequency of 18 kHz to 5 MHz in the 
presence of water. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hydrogen generating approach of making complex 
metal hydride hydrolyze and generating hydrogen, and the hydrogen generator for it, in more detail 
about the hydrogen generating approach and a hydrogen generator. 
[0002] 

[Description of the Prior Art] In modern society, hydrogen is an important chemistry raw material used 
for synthetic chemistry industry, petroleum refining, etc. so much. On the other hand, in order to solve 
the energy problems and the environmental problem in the future, it is thought that the hydrogen use 
technique as clean energy occupies an important location, hydrogen is stored, and development of the 
fxiel cell which works considering it as a fuel is furthered. 

[0003] This fuel cell is a cell which operates by gas, and transforms into direct electrical energy the 
energy obtained from the reaction of hydrogen and oxygen in that case. Since such a fuel cell has very 
high effectiveness compared with the conventional combustion engine, the automobile which has a fuel 
cell is called ZEV (Zero Emission Vehicle). 

[0004] The approach of compressing and storing in a bomb as preservation of hydrogen, the approach of 
cooling and making it into liquid hydrogen, the method of making it stick to activated carbon, and the 
method of using a hydrogen storing metal alloy are proposed. The hydrogen storing metal alloy is 
considered to play main roles by migration media, such as a fuel cell powered vehicle, in these 
approaches. However, although it is an alloy, when degradation (the pulverization of an alloy and 
structural change) by the weight (the amount of occlusion per unit weight is small) of a reason and the 
repeat of occlusion emission and a rare metal are included also about a hydrogen storing metal alloy, the 
technical problem which should be conquered has much the resource reservation etc. 
[0005] Then, it is the approach attracting attention in recent years makes the rock salt mold alkali 
hydride (sodium hydride) proposed from the power ball company hydrolyze, and it generates hydrogen. 
Since sodium hydride will react violently and will generate hydrogen if it contacts water, in this 
approach, the coat of the sodium hydride is carried out by the resin coat, and hydrogen is generated by 
cutting this coat. 

[0006] However, the amount of hydrogen which can be generated from sodium hydride is a maximum 
of 8.8 % of the weight (per lg of sodium hydride), and had the problem that energy density was not 
necessarily enough to consider as the fuel for a fuel cell powered vehicle. Moreover, the rock salt mold 
alkali hydride had become a problem also from the field of safety, in order to react violently, if water is 
contacted. 

[0007] Under such a background, the sodium borohydride which is water-soluble complex metal 
hydride as a new hydrogen generation source has attracted attention, hydrolysis reaction [ of the 
following / sodium borohydride ]: — NaBH - hydrogen occurs according to 4+2H2 0->NaB02+4H2 
grade. And the amount of hydrogen which can be generated from a sodium borohydride is a maximum 
of 21.3 % of the weight (per lg of sodium borohydrides), and since a hydrogen yield becomes more than 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/9/06 



JP,2002-234702,A [DETAILED DESCRIPTION]. 



Page 2 of 6 



twice compared with the approach using the above-mentioned sodium hydride, the energy density 

required of a fuel cell powered vehicle will be satisfied. 

[0008] 

[Problem(s) to be Solved by the Invention] When generating hydrogen by hydrolysis of complex metal 
hydride, in order to raise an yield and a generating rate, it is necessary to use a catalyst but, and in order 
to base hydrogen generating from complex metal hydride on the above reaction formats, water solubility 
is required of a catalyst. Therefore, repeat use of a catalyst becomes difficult and the problem that 
control of a hydrogen yield is not easy, either occurs. 

[0009] This invention is the hydrogen generating approach of it being made in view of this trouble, 
making complex metal hydride hydrolyze, and generating hydrogen, and even if it is the case where a 
catalyst is not used, it aims at offering the approach of fully raising the yield and generating rate of 
hydrogen. Moreover, it aims at offering the hydrogen generator which can apply this hydrogen 
generating approach. 
[0010] 

[Means for Solving the Problem] Even if this invention persons were the cases where a catalyst is not 
used by irradiating the supersonic wave of a specific frequency under existence of water, and making 
complex metal hydride hydrolyze as a result of repeating research wholeheartedly that the above- 
mentioned purpose should be attained, they completed a header and this invention for it being possible 
to fully raise the yield and generating rate of hydrogen. 

[001 1] That is, the hydrogen generating approach of this invention is an approach of making metal 
hydride hydrolyze and generating hydrogen, and said hydrolysis is an approach characterized by 
carrying out by irradiating a supersonic wave with a frequency of 1 8kHz - 5MHz to said metal hydride 
under existence of water. 

[0012] In the hydrogen generating approach of this invention, as for said complex metal hydride, it is 
desirable that it is at least one complex metal hydride chosen from the group which consists of NaBH4, 
NaAlH4, LiAlH4, KBH4, and KA1H4, and, as for said frequency, it is desirable that it is 20kHz - 
100kHz. 

[0013] Moreover, it is equipment characterized by equipping the hydrogen generator of this invention 
with an ultrasonic generating means for complex metal hydride and water to irradiate a supersonic wave 
with a frequency of 18kHz - 5MHz inside the container arranged inside and this container, to carry out 
hydrolysis decomposition of said complex metal hydride under existence of water, and to generate 
hydrogen. 
[0014] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of this invention is explained to 
a detail, a case referring a drawing. 

[0015] In the hydrogen generating approach of this invention, complex metal hydride is hydrolyzed 
under existence of water as mentioned above, irradiating a supersonic wave with a frequency of 1 8kHz - 
5MHz. As complex metal hydride in this invention, from the content of hydrogen being high NaBH4, 
NaAlH4, LiBH4, LiAlH4, KBH4, KA1H4, Mg (BH4)2, calcium (BH4)2, Ba (BH4)2, Sr (BH4)2, and Fe 
(BH4)2 are desirable. Since especially the generating effectiveness 0 f ****** is excellent especially 
with the exposure of a supersonic wave, NaBH4, NaAlH4, LiBH4, KBH4, and KA1H4 are desirable. 
Since the geometric capacity of hydrogen generating by low cost is as high as 21 .3 % of the weight as 
complex metal hydride, especially NaBH4 is desirable. In addition, this complex metal hydride may be 
used by the single class, and may be used combining two or more kinds. 

[0016] In the hydrogen generating approach of this invention, water is used with the complex metal 
hydride which is a raw material. The mode of coexistence is not restricted that water should just coexist 
with complex metal hydride at least at the time of ultrasonic irradiation. That is, as such a system, the 
system with which complex metal hydride and a steam coexist, and the system with which complex 
metal hydride and water coexist as a water solution or a water dispersion are mentioned that what is 
necessary is for a supersonic wave to just be irradiated by the system containing complex metal hydride 
and water. In this invention, the system (complex-metal-hydride water solution) with which complex 
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metal hydride and water coexist as water solutions is desirable. 

[0017] Moreover, as for the amount of the water in the system containing complex metal hydride and 
water, it is [ that what is necessary is just to be beyond a stoichiometry to complex metal hydride ] 
desirable that it is a two to 100 time mol to one mol of complex metal hydride. It is in the inclination for 
a high hydrogen yield not to be obtained, and when [ than another side and a 100 time mol ] more, it 
becomes less economical [ tend ], if there are few amounts of water than 2 double mol. 
[0018] To above-mentioned complex metal hydride, by irradiating a supersonic wave with a frequency 
of 18kHz - 5MHz, complex metal hydride is made to hydrolyze and hydrogen is generated under 
existence of water in the hydrogen generating approach of this invention. The exposure of a supersonic 
wave enables it to fully raise the yield and generating rate of hydrogen, even if it is the case where a 
catalyst is not used. Although the reason this effectiveness is acquired is not necessarily clear, since the 
molecular motion of complex metal hydride will be in an active condition by the exposure of a 
supersonic wave, it is thought that hydrogen generating is activated also in the condition that a catalyst 
does not exist. 

[0019] The frequency of a supersonic wave must be within the limits of 18kHz - 5MHz as mentioned 
above. When a hydrogen yield becomes inadequate when a frequency is less than 18kHz, and a 
frequency exceeds 5MHz, it becomes impossible to irradiate a supersonic wave with usual equipment. 
That is, it is necessary to irradiate a supersonic wave using special equipment, facility cost goes up, and 
a problem arises in respect of utilization. It is desirable that it is 1 8kHz - 1MHz, as for the frequency of a 
supersonic wave, it is more desirable that it is 20kHz - 500kHz, and it is desirable that it is especially 
20kHz - 100kHz. In addition, in this invention, what multiplexed the supersonic wave of a frequency 
with which the plurality within the limits of 1 8kHz - 5MHz is different from each other also by the 
supersonic wave of the single wavelength in within the limits whose frequency is 18kHz - 5MHz is 
sufficient as the supersonic wave which irradiates the complex metal hydride in the condition of having 
coexisted with water. 

[0020] A supersonic wave may irradiate continuously the supersonic wave (or supersonic wave it was 
multiplexed [ supersonic wave ]) of single wavelength, and may irradiate intermittently the supersonic 
wave (or supersonic wave it was multiplexed [ supersonic wave ]) of single wavelength. Moreover, even 
if it irradiates by turns each supersonic wave of a frequency with which the plurality within the limits of 
18kHz - 5MHz is different from each other, two or more supersonic waves of each it was multiplexed 
[ supersonic waves ] may be irradiated by turns. 

[0021] When irradiating a supersonic wave intermittently, as for irradiation time/stop time, it is desirable 
that it is 1/10 or more. In addition, although complex metal hydride and/or the amount of water, and the 
surface state of complex metal hydride can determine it suitably, the exposure of a supersonic wave is 
enough as an exposure, if irradiation time is carried out in about 2 hours when, irradiating a 45kHz 
supersonic wave for example, at the water solution which dissolved 50mg of complex metal hydride in 
the water of 5mL(s). 

[0022] Complex metal hydride and water (it may be a steam) introduce into the container which 
equipped complex metal hydride with the ultrasonic generating means (for example, ultrasonic washing 
machine) as a means irradiate a supersonic wave, under existence of water, and the approach of making 
this ultrasonic generating means driving, and the method of supplying an ultrasonic generating means 
(for example, ultrasonic homogenizer) to the complex metal hydride containing the water introduced 
into the container, and making this ultrasonic generating means drive are mentioned. 
[0023] In this invention, although especially the temperature of the complex metal hydride which 
irradiates a supersonic wave, and the system containing water is not restricted, it is desirable that it is 
150 degrees C or less. When the temperature of a system exceeds 150 degrees C, much energy tends to 
be needed for heating. From a viewpoint of reducing the energy for a temperature control, the 
temperature of a system has desirable 0-100 degrees C, and is more desirable. [ of 10-30 degrees C ] In 
addition, it is known that complex metal hydride will generate hydrogen by the pyrolysis besides a 
hydrolysis reaction, and it is also possible to combine the hydrolysis reaction and pyrolysis reaction by 
the supersonic wave of this invention. 
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[0024] The system containing complex metal hydride and water may contain other components other 
than these. For example, when complex metal hydride exists as a water solution, in order to prevent 
generating of the primary reaction of complex metal hydride and water, it is possible to add ten to 4 mol 
- about 0.1 mols (sodium hydroxide etc.) of alkali per 11. of water solutions. 
[0025] As mentioned above, according to the approach of this invention, also in the condition that a 
catalyst does not exist, although the efficient outbreak of hydrogen is possible, a catalyst may be added 
in the system which contains complex metal hydride and water if needed. 

[0026] As a catalyst, noble metals, such as Pt, Pd, Rh, Ru, Ir, Os, Au, and Ag, Y, La, Ce, Pr, Nd, and Eu, 
Gd, Tb, Dy, Ho, and Er, Base-metal elements, such as Tm, Yb, Lu, calcium, Mg, aluminum, K, Ti, Cr, 
Mn, Fe, Co, nickel, Cu, Ga, Rb, Sr, Zr, Nb, Mo, In, Sn, Cs, Ba, Ta, and W, are mentioned. Especially 
The metal of platinum groups, such as Pt, Pd, Rh, Ru, Ir, and Os, is desirable. 

[0027] Although the configuration of these catalysts can be suitably chosen from configurations, such as 
the shape of powder, a pellet type, and a monolith, tabular, and fibrous, its powdered thing is desirable 
from the ability to make a touch area with complex metal hydride increase. Moreover, support may be 
made to support a catalyst. As support, carbonaceous ingredients, such as metallic oxides, such as 
titanium oxide (titania), nickel oxide, cerium oxide, a zirconia, a zeolite, an alumina, silicon oxide, 
ferrous oxide, manganese oxide, cobalt oxide, a zinc oxide, and oxidization copper, and activated 
carbon, a graphite, an activity char, corks, hard carbon (difficulty graphitized carbon), soft carbon 
(easily graphitized carbon), are mentioned. Since the amount of support of a catalyst can be raised, as for 
support, it is desirable that it is a porous body. 

[0028] Next, the hydrogen generator of this invention is explained. Complex metal hydride and water 
irradiate a supersonic wave with a frequency of 18kHz - 5MHz inside the container arranged inside and 
this container, and the hydrogen generator of this invention is equipped with the ultrasonic generating 
means for carrying out hydrolysis decomposition of said complex metal hydride under existence of 
water, and generating hydrogen. Drawing 1 R> 1 is the mimetic diagram showing an example of the 
suitable operation gestalt, the hydrogen generator 1 equips the interior of the reaction container 3 which 
has the hydrogen exhaust pipe 2, and its reaction container 3 with the ultrasonic generating means 4 for 
making a supersonic wave with a frequency of 18kHz - 5MHz irradiate, and the reaction container 3 is 
filled up with the complex-metal-hydride water solution 5. 

[0029] According to such a hydrogen generator 1, with the ultrasonic generating means 4, a supersonic 
wave with a frequency of 18kHz - 5MHz is irradiated inside the reaction container 3, under existence of 
water, complex metal hydride is decomposed and hydrogen 6 occurs in high yield. And the hydrogen 6 
obtained with this hydrogen generator 1 is discharged from the hydrogen exhaust pipe 2, for example, is 
supplied to the reaction eel for fuel cells (not shown). Therefore, according to the amount of energy to 
take out as power, by control the concentration of the complex metal hydride water solution 5, the 
exposure approaches ( the continuous exposure approach, the intermittent exposure approach, etc.) of a 
supersonic wave, irradiation time, etc., adjustment of the amount of hydrogen supply to the reaction eel 
for fuel cells is attain, and the electric generating power to need can be obtain. 
[0030] As mentioned above, although 1 suitable operation gestalt of the hydrogen generator of this 
invention was explained, the equipment of this invention is not limited to the above-mentioned operation 
gestalt. For example, you may have the heating means for introducing the catalyst for hydrolysis of 
complex metal hydride (supported by support) into the interior of the reaction container 3, and heating 
the interior of the reaction container 3. Furthermore, the ultrasonic generating means 4 may be what can 
be supplied in the complex-metal-hydride water solution 5, and you may make it further equipped with 
the complex-metal-hydride supply means for supplying complex metal hydride 5 into the reaction 
container 3 (supplement), and the moisture supply means for supplying moisture (supplement). 
[0031] 

[Example] Hereafter, although this invention is more concretely explained based on an example and the 
example of a comparison, this invention is not limited to the following examples. 
[0032] (Example 1) The water solution which dissolved 50mg (NaBH4) of sodium borohydrides into 
water 5mL was introduced into the Erlenmeyer flask, this Erlenmeyer flask was covered over the 
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ultrasonic washing machine, the 45kHz supersonic wave was irradiated at the water solution in a flask, 
hydrogen was generated, and the hydrogen yield was measured by water surface location change of the 
scalpel buret in the gas analyser (bar code: 6071-4) by the Shibata science company. At this time, the 
temperature of a sodium-borohydride water solution was maintained at 25 degrees C. In addition, the 
yield of the hydrogen of a before [ from test initiation / 120 minutes ] was measured, and this was made 
into the hydrogen yield. Moreover, the hydrogen generating rate was found from the hydrogen yield of a 
before [ from test initiation / 1 minute ]. 

[0033] (Example 2) The frequency of the supersonic wave which irradiates a sodium-borohydride water 
solution was set to 20kHz, and also the hydrogen yield and the hydrogen generating rate were found like 
the example 1 . 

(Example 3) The frequency of the supersonic wave which irradiates a sodium-borohydride water 
solution was set to 100kHz, and also the hydrogen yield and the hydrogen generating rate were found 
like the example 1 . 

(Example 4) The water solution which dissolved 50mg of sodium borohydrides into water 5mL was 
introduced into the Erlenmeyer flask, the ultrasonic homogenizer (the Asahi life-science company make, 
ultrasonic homogenizer) was thrown in in this Erlenmeyer flask, the 20kHz supersonic wave was 
irradiated at the water solution, hydrogen was generated, and the hydrogen yield was measured by water 
surface location change of the scalpel buret in the gas analyser (bar code: 6071-4) by the Shibata science 
company. At this time, the temperature of a sodium-borohydride water solution was maintained at 25 
degrees C. In addition, the hydrogen yield and the hydrogen generating rate were found like the example 
1. 

[0034] (Example 5) After making an ultrasonic washing machine drive for 10 seconds, the cycle of 
stopping for 50 seconds was repeated, and also the yield of the hydrogen of a before [ from test 
initiation / 120 minutes ] was measured like the example 1, and this was made into the hydrogen yield. 
Moreover, the hydrogen generating rate was found from the hydrogen yield of a before [ from test 
initiation / 1 minute ]. 

(Example 6) The temperature of a sodium-borohydride water solution was maintained at 50 degrees C, 
and also the hydrogen yield and the hydrogen generating rate were found like the example 1 . 
(Example 7) The supersonic wave which irradiates a sodium-borohydride water solution was made into 
the supersonic wave which multiplexed the supersonic wave with a frequency of 20kHz and the 
supersonic wave with a frequency of 45kHz, and also the hydrogen yield and the hydrogen generating 
rate were found like the example 1 . 

[0035] (Example 1 of a comparison) A supersonic wave was not irradiated and also the hydrogen yield 
and the hydrogen generating rate were found like the example 1 . 

(Example 2 of a comparison) Did not irradiate a supersonic wave, the temperature of a sodium- 
borohydride water solution was maintained at 50 degrees C, and also the hydrogen yield and the 
hydrogen generating rate were found like the example 1 . 

(Example 3 of a comparison) Replaced with the ultrasonic washing machine, and the 10kHz acoustic 
wave was irradiated using the sound generator (Toyota Central Lab, prototype), and also the hydrogen 
yield and the hydrogen generating rate were found like the example 1. 

[0036] The hydrogen yield and hydrogen generating rate which were obtained in examples 1-7 and the 
examples 1-3 of a comparison are collectively shown in the following table 1 . 
[Table 1] 
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[0037] As for the hydrogen yield per lg of sodium borohydrides, according to the hydrogen generating 
approach of this invention, 17% of the weight or more of a big value is acquired so that clearly from the 
result shown in Table 1. Moreover, a hydrogen generating rate is also more than 4x10-5 (gg-lsec-1), and 
serves as a value high enough. On the other hand, in the example 1 of a comparison which is not 
irradiating the supersonic wave, and the example 3 of a comparison whose irradiated frequency is less 
than 1 8kHz, the hydrogen yield became a very small value. Moreover, in the example 2 of a comparison 
which did not irradiate a supersonic wave but made temperature of a sodium-borohydride water solution 
50 degrees C, although the value higher than the examples 1 and 3 of a comparison was acquired, as 
compared with the value of the example 6 which irradiated the supersonic wave, the hydrogen yield was 
inferior on the same conditions, and the hydrogen generating rate was about 1/3. 
[0038] 

[Effect of the Invention] As explained above, even if according to the approach of this invention it is the 
hydrogen generating approach of making complex metal hydride hydrolyze and generating hydrogen 
and is the case where a catalyst is not used, it becomes possible to fully raise the yield and generating 
rate of hydrogen, changing the ratio (it setting in a complex-metal -hydride water solution, and being the 
concentration of complex metal hydride) of complex metal hydride and water according to the approach 
of this invention - moreover, by controlling the exposure approaches (the continuous exposure 
approach, the intermittent exposure approach, etc.) of a supersonic wave, irradiation time, etc., a 
hydrogen yield can be controlled and there is also no need for separation recovery of a catalyst. 



[Translation done.] 



http : // www4 . ipdl . ncipi . go . j p/cgi-bin/tran_web_cgi_ej j e 



2/9/06 



(.maxmmiT (jp) (12) & fH *Nf [ft & & (a) (.wmtm^fm^ 

#^82002-234702 
(P2002-234702A) 

(43)&WB ¥)«14^8^23H (2002.8.23) 



(5i)inta T mmn fi 9^>r<#*> 

CO IB 3/06 CO IB 3/06 5H0 2 7 

0HO1M 8/06 H0 1M 8/06 R 



SBtfcft m^m<0&4 OL (4 6» 



(ZDtfW** 


*f R2001 -3130«P2001 -31306) 


(71)tUHA 


000003609 










(22)fflKB 


¥da3¥2«7H(2001.2.7) 




















% 
















man m&t&m'&f&mmto 






(72)f2W# 
























(74)ttSA 


100068155 








#S± S»JH <*3«) 








S*Hfc«< 



(54) [&9J©«fW *5!53S**fe*J:tf**5B*«e 



(57) C^l 

h z~5mh zarngftzmm-h z. t «c a onsets 



(2) 



[is*« 2 1 ms&&m*.mmte. mo* . NaAi 



10 



[fl*«3] mieS»3?rti. 20kHz~100kH 

[!I£JI4] §8&g*?mkfcJ:t**#l*ia5KBJg$ 
ilS^Sfc. i£g^rt&fc:^*gCl8kHz~5MH 



20 



[f&WWP&HfcrilBH] 
[000 1] 

[0002] 

^-jg^-fSfctoC. ^y-y^x^^-fcUT<?5*S 30 

[0003] i^&mmi&tefixx'wmt&'mTb 

•tltitb. «m«ifc£ir^Seil3M±ZEV(Zero Emis 
sion Vehicle) fcfJvSiVCV^. 

[0004] xmnm&t vx\t. Em ix 40 
vmtzum. #mLxsm*mttzi)m. iStt&fc 

tix^z. ztihcoumco^xim^mm^m 

tix\^&. ta»u fcm®M-&&izmixi>. &&?s> 

[0005] zzxm&Ezmbx^znw. so 



^2002-234702 
2 

h-H&x-bh. Tmiti-ho^Mtkbimtitmi 
mmt i z 1 1 x ~>x*mz m.z-tx ^* . 

[0006] LfrLfrP6. *SWfcM- U VJ>»t>m. 

s»>t:*))xt>*). imwmmmnumt'thKHix 

[0007] Cl^J: d ^^WTT. %tf:%*.mmM 

h y ->A*i^B *mto*vmi- h y 

NaBH4+2H20— NaB02+4H2 

h 9 wates h*.mmti£ck2 1 . 3ms% 
(*mit*vmi-h 9 vj* i sht:<o ) ?* o . jj&k 
JWt* h U VJ>*m^KWi£}£*x?i(mmM&2fe 

[0008] 

[0009] *5SBHJi, *!&»SHMMifc«*Tfc3*ufc 
[0010] 

[W1*J!H)W63W6«)¥«1 *W»tfefck» JJBBW 

[0011] -«:i>*>. *fWBw**H4*««±. 
C«LT. flia»18kHz~5MHz««K»*ai» 



(3) 

3 

*tzz ttct vmmtzb zw&b-rh-mxbh. 
[0012] *m&>*.mmffl!;£ti^x\i. 

&E**fl3!lti. NaBfo. NaAlH4. LiAlfo. WbtiXW 

nmi>>e>%m£ D8fcffh.S*J"Sr< b *>^>tf>H&iE* 

mmx$>h z t #m i< . f^*a<±. 2 0 k h 

z-lOOkHz-CJbSit^* U». 

C 0 0 1 3 ) *2&tfltf>*Sg&£§£M»i. IS&S* 

SSfc^SdKl 8k Hz~5MHz<Dj@^»Sr!$8tl/C. 
t^^J^*^^^*iO#«TTlntd<t}M^^ Lft 10 

[00 14] 

[0015] *l6BB<0*^l64*«fc:t5V^T«. .Lifco 
ES81 8kHz~5MHz<9S@|f«£!S8*b 

«V^fc*»<?>. NaBH4. NaAlH4. UBH4. LiAlH4. KBH», 20 
KAlIk „ Mg(BH4h, Ca(BH4)2 v MBlhh, Sr(BHt)2i>J: 
We(BH4) 2 *J#*L<. &*>-Ct>. S#»^K»t:J: , 3 
3 A^Hgit &Zkfrt>. NaBH». NaAlH 

4. L1BH4. KBH4tj<ttflcAiH4*«ffiu\ §&km*.mit 

Vat LTii. firJXhT*^l^<oaiSS4* { 2 1 . 3 

[0016] xminx.mmjmtiswi. mm- 

[ 0 0 1 7 ] %&WmWtob*b Sr^tf&fcfc 

Mr* < . ®&m*mm 1 2~ 1 o ofg 

WCb&Z btf#£ U\ *<0fi*«2f&t^J: 

[0018] *mi(o*.mmiirm£t}^x\t. 

±j&D®&&*mmizMLX. E8$tl8kH 

z^5MHxcm : m^mi-tizbizx t ) . m^m*. 
sawtAO, mtm^n&?$>'>xi>. m<m 50 
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£#mik2tiii>ff>b%l$>lih. 
I0019ymmmm.it. JtifcDJ:3£18kH 

z^sMHzwsHrt^mtf^^v^ mm&i 
akuzmey^itAimmAtfttftb**). m. 
s^*5MHz^»r^{i. m^mmx-mimim 
?z>zbtfxz%<%z>. tm&mm^ 
xmmzmm-&&mtf*><o. mm^xvitiMLm 
M^tiwtu. mmommnt. i8kH 

2.^1MHxXbhZbm£L<. 20kHz~50 
OkHT.TJb&ZbtfXWt.LK. 20kHz~10 
OkHzX-b&Zbtfft&SiL^. =5:ii. *8ffl£i5 

wc«. Kbm^Ltiw&r^mmmMmth 
mm\t. saagb^iskHz-sMHzcosHrttfc 

5#-»ft^i@^rCi. 18kHz~5MHzO«H 

[0020] mm\&. m-m&omm ( iwt£& 

zti^mm) zimttHzmMLxi>z:<. 

mm (ittnt&ztuzmm.) mmmzmiLx 

18kHz~5MHz£7)Sifflrt<0. 
[0021] j@#«[^BrigWfc!SS«-S^K*iV^T 

hu fflt&m/w±#mi&i/i ov±?t>zzbm 
t mmmstmt. &&m*mm&£ 
v/tfe«*<o*. &£vmm?m{Vb<nmtfmiz 

0mg^5m LV&tzmm Lfc*^Rt 4 5 k H z <m 

m£*m*h%&izto^x\i. m&m: 2v%mz%. 
tz-ttummmb bx\&&ftx$>z. 
[0022] 7mm.rx§^m^m{tmizmm.m 
m-tt&b lt{±. mmmL^R mut. 
mm) zffitK^wzss&mAimmib*. 

<miz. mmm.*® mm. tmm-^-H-? 

[0023] *mnz&^x. mm£mtth&&m 
*mmb7kzii;tt&comimizmmzti%^#. 1 

5 0K:&.TTi>&ZbtfmL\<K %<?)&mtfi 5 ox: 

*m£thb\^®&frt>\t. ^iSSttO-l oo-c 
#mt<. lO-SO^iOSFiUv ^fc. ^ 



( 

5 

10 0 24] mwmwto t *t $"frtw&i. zti$> 

1 y v WP&fc 0 T;l^ D ( *IHk-f- h »J £ 1 
0-«mol~0. lmoimm®Sa?&Ztiffl&X'$> 
h. 

[0025] ±j£?)X o t . *wm)mz£tu£im 
m=& t&<- m&xi>mm%*mmLtM&rcb h 

imalXi>X^. 

[0 0 2 6]«SEtLTI±. Pt, Pd. Rh, Ru. Ir. Os, 
Au, Ag^&fi&g*. Y. La, Ce, Pr, Nd, Eu. Gd, Tb. 

Ry, Ho. Er, T», Yb, Lu, Ca, Mg, Al, K, Ti, Cr, M 
n, Fe, Co, Ni, Cu, Ga, Rb, Sr. Zr, Nb, Mo, In. Sn, 

Cs, Ba. Ta, m<W&mMtmf !>tl. ¥f£* Pt. 
Pd, Rh, Ru. Ir, Qsi§^a&KO&fl##£ U^. 

[0027] Ztlt>cr>fmcD&&.&. «3s v Y 

RflJi3so£BififlSBrt\ SSttft, SMS, «ttf**-* 

[ o o 2 8] jmc. *mx?>*&%&gi&^\ix®m 

8kHz~5MHzCOj@#&£iWUC. MfESS&S* 

Ig^lfilfi. *^ajW2Sr^rt&Rl5^SI3i:. 

3 <0rtg?K^«!8: 18kHz~5MHz<0 

[0029] d%7mm$m. i jckw*, ®g 

*R£#a4 izX <0 s SJS®2S3<OflSI!KE&$C 18k 
Hz~5MHz«Mfc«tSiVC. *0#ffiT. 



) ^§32002-234702 
6 

-a-r) <cftttsti&. Lfc#->t\ m^tbTlROaSl- 
mm) axxmrnmrnmrni ztizx^x. 
[0030] h±, *%m<r>?mmgim<7)wm--m 

v*) ££36^3<9rta«c#AL-tfcJ:<. RE 
^ffi3OrtSS5rftfiai-SJttfx0Jna!^S-Sr«i^TV>-rfc 

m5#£&ATZ&£o%:i><?>Ti>'>Xi>t<. 
) [0031] 

[His^i ot. m&mxvmmzM^xxm 

[0032] (UtetWD ^SmL+t^K^fl:*^*^ 
h'J^i.. (NaBHt) 5 0 m g L^*^gSrH 

K^t77Xrn4>^)7K?gjSt4 5 kH z<^B^«Srf!SS* 

n-H : 6 0 7 1 -4 ) fcfctt&^Xh'AL-y b«D*ffi 

h u ->A*ig}swajs«2 5r^aa#t^. 

^T*J, st»Hi&*^i 2 0^-C^<o*^«o^4ift5- 
li. ISi^^^>l^*TWS07kSII4i»*»t*«) 
[0033] (Hfi<?«2)*3gfl:*'>S->-b , J^A*^ 

mzmtti-hmgiswRmLt 20kHzt Lfcffi»±. 

to (HSSWI3 ) rtflHbi^SH- h 'J fix*l§?flt^lW^ 
1 0 0 kHz fc Lfcflfett. ^ffiW 1 fc 

n«t:UT. *mmzM&xv*mm3g.*3&>te. 

(HJSW4 )*5tnL +f=**'fk* , >#t b y >>A 5 0 
fc2 0kHz«)»e»*!B»LT7iaR«fitS*, 5gB9 

vmmtfxttvrm msh^- k : 6 07 1-4) t 
50 i&ss^t^. -cot # . *.mit*vmi- h y ^atk^r 



[0034] mim5)mmm®ziomm>z 
a, stum t mmzLx. msmfrt, 1 2 o#*? 

ena*. ^aa8t2 0kHzcoj@^t^sga4 5kH 
xffm^mt i^mLtM^t Ltimt. mm 1 1 
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♦ 1003 5] (it^l)S@#»£^L&A»ofcte 
<Mc*giBW>ia&£ 5 0 tfcffiti. HJS01 1 1 3 

i&&%s.m£mm. m&) »iokHz^ 

10 J:tf*i&a£a[££*«>*:. 

[ 0 0 3 6 ] HifcPJ 1 ~7fe itfifcKW 1 ~3T#^ 

ibXnit. 

mi] 





(M%, HaBHJgfcfcD) 


(gg'sec- 1 ) 




20.0 


4.8x10"* 


Sit*l2 


19.7 


4.8x10^ 




20.1 


5.3X10" 5 




19.6 


4.5X10" 6 




17.6 


4.2x10"* 


Slime 


20.6 


8.9x10"* 




20.1 


5.5x10"* 


ttttttl 


1.03 


5.4x10-* 




14.7 


3.0x10* 




1.10 


5.5X10* 



[0037] m^LK&%i>*t>wL>if>%£oiz. # 3o%it&*mm3imxs>->x. nmim^\^xh^ 



IgAt 9<9*3R|&£»i 1 7afi%fcUitf)*£ =5rffi# 
*K>*i4. £*:. *mm&&l>4xi 0-5 (ggis 
ec-i) J2L£Cfc9a»fc*V*K:a:i. -ff. 

1 8kHz*gfCi>SJt*$0!l3{Ct>V^T«. 

tuzt>w). n-^kPrcmum^mMLtzmsmenm 40 

l/3Tfc->^. 
[0038] 

imams] aismttix^ xmnumtx 



mgnnsmxm mwmmmm) 
tsxxmM^m^mm-hztizX'yx. *mmA 

[EraoWV&IHJl] 

[01 ] *^c07K#fl^a^ffii^-SISI^SS:* 

i -*mm3m. 2~*jhm», 3-khshi. 4 

•••fflHBM-m 5--$8&^^tfft*i8i8L 6--* 



(6) 
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m>i m;<k#m.m*!mmft 
mi m.&#m.m#$Mmf*i 



mi &s&&mm$mm\*i 

mi m&#ma$m?mft 
an mm # >m 

mi mstosmwimsm 

F?-A(##) 5H027 AA02 BA14 



